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PROBLEM TO BE SOLVED: To remove the foreign matter adhering to the porous silicon surface of a 
substrate without collapsing the surface of the porous silicon, without using such chemicals as to 
affect the subsequent process, by cleaning them in pure water where a high frequency in specified 
range is superposed. 

SOLUTION: During cleaning in pure water where high frequency is applied, since porous silicon is of 
fine structure of several hundred angstroms or under, it collapses the porosity, with the frequency of 
ultrasonics under 200kHz, by cavitation, and with the frequency over 8.4MHz, by the resonance of the 
porous structure itself. Accordingly, the foreign matter at the surface can be removed, avoiding the 
collapse of the porous silicon, by only the pure water and the high frequency ultrasonics, by using the 
ultrasonic waves of high frequency in the frequency band called megasonic cleaning, setting the 
ultrasonic cleaning of the silicon surface to a high frequency of 600kHz to 2MHz. 
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0 k h z <r>i®m<r>nmx'm.m2mii&<fz t z 

-?>. 4 7kHzT{i6ppmB5f*. 9 5 0kHzT1i3 
- 5 P p mX'imm&i)^ I & < & & .1 fc £ JLiii L . 
(N, ***T]K»*ff3ikT««il[»««»fcj: 

z b fcJivve L*»HfcW§U: . 

[0077] #&HM#*-t'X7xr • 9*7 MJ- 
Xtt (orbisphere laboratorie 

s ) mmftwm/ftftmm^yv-zm^xtefctm 

*»*>J&*L. aj^6 0 0Wf9 5 0kHzC0jf«O^ 
{igS^TkfiO. 2m 3 /hrH0. 4mVhr<7) 

®HT'«. «^*t'$> imv¥<om%mmtf 5 P P 

m^f,5. 5ppm. ^#K^jgS^'3. 83ppm*» 
64. 3 P p mO^HOT^aiST-lifflrt^^T'^^ 

[0078] HRK*W*ro-b^TI±, 1 JWKSRLfc 

•ri.. 

[0079] t> . 7 . 3 

8p P b. ^#S#«S*%«J8«SS<014. 57 P 
pm<ot£*£&ffiLTvtf:#. »«IBIW)**lttSlLT 
5 p p m MXtff&$& b*#V- •/ ^B?Jt 

[0080] z<rmfrt>, ttfv-vrmwtfizmuz 
mtth^zmp>mzm&huz\im.*m 

•ft ZbtfmX'b 0 . ^< b tS^£0±^«fi£*'x 

Thzmmbmm. msco t n&tfxmzi^yhn 

-frthZbtfi&sgXhh (Da l ton<9#flE<5D£ 
fill) . 
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[0081] ZZX'mHcOli%ffi&U!fXlZ&g?&m& 

tztmx-b*). n&i.*-^- ■ yn-mmhtzk lx 
[0082] assfcgfr£?^«ii}gjiiaj8 ! *tt<o^ 

«RiltL<*S (Henly^feU) . 

[0083] • 7o-»<o*S£«»i£» 

[0 0 84] k£$#. IWCttlftjWiKioTJilKB 

[0085] -Mb IX. *»BJ*t* { ffifflUdl2 8 c 
nu Jiff # 2 3cm, 25c mOftS*-A- • 7 
D-ttT'£0^#»*i8S (DOf) fcS#g^jgg (N 
2 tt) OSES 2 5 cm (ffKff) i»3 1 2. 5cm 

(WBI) W>#tf*H6 (a),16(b).I7 

( a ) . 07 ( b ) \,zm-< 

[0086] 3.-X ■ #4 > hTZiOttlLfcWRaK 
1. 88ppb. OSBK1. 54 2p P m<?)*McS:li 
<&$25cm) *»fe|ft**0. 3m« /hrtft 

[0087] H+^8ttlM^OlMc#fofcjS-r. 

[0088] ^atcJ: ^-^McaToffff^xauE^ 
zfrhtzitztfi'cm&tfWKZo . mi 2. 5cm 

**U 50 PP b, fiSjlfttttti. 

[0089] ItonwfilflPWSrrtK lft*ft£ x 

[00 90] ^^y--y^Bat*fT->"CV^*- 

tuzhrfrizm^h. 

[0091] m&Mfrt>&J] 6 0 0 WT 1 04MX#V 



#£08 ( a ) £J:tf08 ( b ) fc. £>tJ§#g58&K 

#a*H9 ( a ) axvm9 < b > tc^-r. *>-r*»s3s 

6. 

[0092] -rafc*> . *m&>m'*»imi.* m 

Giiwmm 5 p p m ttTk * * i 3 fclftM tfl-oS 
***WtLfcK*?, ***>*1iWcfftlLfcJWlteB 

WS.tf5 p p mWTi tt, tttFXzfimpniipA,* b 

fc-f . igstfx^iftg* 5 5 p p mjarr** £ t 

HTJ:v>. 

[ 0 0 9 3 ] fit, *m&>x*fv-v99i»9mcc 
ami ozm-iiotz. mtfmz.iKWWxrvm 
(»fisffiS5ppmOT, 

3. 8ppmJaT) fcayho-A'LfclKttfcttlHL 

Wiizsx'ZikM&ixmiftfxti&miKm, 
*(mm.bixmmmm.i50ppb. mm 
m&i. 8 PP m) &m ik®&Mi%mtmi i 

b hWt>frb tc-otz. 
[00 94] fOUttiBtrtt&VvP. **V-v9 

7Wj W*fcJ:6tOTtt*<. ttMWQB«itt!l^ 
i 3 «r** b'f-> 3 yizk h r j k ^ffi^ 

[0095] (ML. J<^y-»/^«^{Ci>V%rtt#^t' 

r-xa >mmz* *)m.-t^E¥mx&^z bit 
muxa o , m*mm&t& t ix wtb't-y 

[0096] ^«JSi)T1±^StOJijDk k t lz*v 

v\ =3f * t'f-> 3 v^aa^s < , tmmmirti 

itXV^Siktc^S. 

[0097] JSRkftC «fc . * + t'f-y 3 >WWi 
*4» t JBWHHifc «t 0 4 £ b Xtt*<Plz-m 

z02®tfM$iizim-tz> z b x-^mzmi hx^t t 
[0098] tmcoftmijiwzmtfLx^&tfxtfz 



it-z^m? §ii g %®amvmk% o 6 ?\.xm 
i ^iWiinqHi t vuwiwa u 1 1 o ] 

waaw* c ft ^mn^ *3j g t =n 3ST [ 3 I T o ] 
mm 'tm&immzm&mwm 1 1 1 x oi 

^3p«»iio»»wna*»G>^v? "vn c 6 o i o ) 

d d s^i^SfcS&G?** v iT * [ 8 0 I 0 3 

• (*686 T '8 
Z-ZZ dd 'i -on 't i ©a -,^a^<fx 

■ a-uc ■ sun**** 3 

w ^zmsmv-tftrnvm* ^~ i l o t o ] 



*?mif-imu>m&w]k&omk* 1 9 o i o i 

3 'CJ <* ? ? ?-^«}ffl^W^S^ C (y 

HW9 I^ZHIOOSmi^GT *ZH1AIZ 
^ZH5t009f)>1?« 'z H Wfr -S^ZHM 
0 0 2 ^mtf4i^£i*®1i^Wte^* [SOTO] 

ffl»»T£^f R8*^wa^wBa^*2iT [ 0 T 0 ] 
S:i^SE<E^_xq+Jf ^jil^^S [£0 I 0] 

^BW*>wi^n»ai?^a» "ii> tzo i oi 

Si»^Sa^r?4-l»l«-5S«Jto^#Sf [ T 0 I 0] 
^^TrKE^-^.q*^? ^^?rwr[ooxo] 

yci&WltZ&mH-ac --v-* 16 6 00] 



02.8^9-0 
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[oii6] ztiM. wmizsMz® ixmm* 
%mn&Lxm&&%mxm-i-hmizis\\x 

[01 l7]MzmtrtZ#Zii. 2 5-C. 1%E<?)£. 

m*izm ix v ^^ZTifpcommmmi 8 . 

26ppm, m#g3m&lH3. 9ppm^B5i: 

[oils] -miz. *mmm-mi ztiiwum 

%.mmhtz#>\,zxyv ; sv?- i^x^mm^ 

>7*%m*-i;i.xmzixh. 

[ o 1 1 9 1 ffiit. *e*4>t(iiafft&w«ffi-c-a«* 5 

fcitSS^tf* (tm. : 9 9 . 99 9%) CDifcfctfr^cD 

mm<r>mmmm.i±i7. 8p P mi:i,w. l*> 

[0120] <Itf)*6*£8 Orfc»T&fc?§fi?»rS&i: 
i£U£ti6. 7ppmi^. -eoHOl 1 . lppmt 
t XfttkfZ - 1 . 

[0121] jmfa&wzmixwii'pcomffxt: 
mi&mTizmzttuf. tmizxh^m^m 

m:\T<m&x%fmtf%&Lth<nx\ wm&mm 

[oi22] ^izh. m£wm-t&m£m*w& 

S-ESU 2&m$M£X>7TWJ£lz-fhZtlz£*) 

^mmmscotaaizmixmmi-tni. mx-h 
6 o*cOT^tt*T5 p p b&.Tv>mmm&mm<r)®# 
wmmmmt hwt&m ztmmxt>z> . 
[0123] z<?)mizixm.*<?>®&*'ztm;Uz 
mtzmtm. mzto&itzkLxhusmm 
%mz£&m.cr>mLim<%>). %m<m* i mmk 

[oi24] m.<m&.m±Ltzz\ t izx o . m.& 
$iLnisvaymmm±.mm'tihtc<xi>m 
t ®-mmmx'$ uzmmztz ztmrnt* 
m^mfcztmixhzcomktfmbbti&z 

[0125] wcol WJIfcJiiif 

[0126] mmmmu. nummx-mmczii 



[0127] ^7L®-> y 3 y<mfcmk lxm. ? 
m/m/x? y-tiu$im®*xmmm.m&-- 

imzt^omiz**). tmwizummmm 

jgfWIi, 200kHz*wt>8. 4MHzc7)^8aS 
#at<li600kHza>£2MHz<0igJS}S&: 
f£££;ftS. <kO»tL<{i, 800kHzjK>l. 6 

mh zcomwtfv->y?mtmiti?>mm&® 
mmi&zbtfxzz. 

[0128] fcfc'U J^l£#fg$^fcJ: 

[0129] m^mmimLxmm^ 

[0130] ETF. wCD£fc^TH£P«tC^9ft 

h, mi nzm.izmmmmSibtc^<omi&mL 
izmm&m%ttm.vmco&MmL£*-$-. 3 
ni53^«^a?*». 3 2i±-&mmmm. 3 3u 
m^f^m.tx\>^m. 34ti^ 35\m 
*„ 3 6\imi&mffi*ii-th$> : fi'gi'V?>m8.. 3 

8ti^«iifta5r^-r. 

[0131] ^iz&mmcom%&mxizwH*<?>* 

[0132] 5v?&om?fit#ffit2?&+«): 0 
rto*Tlig«3li8£:»f I. -fc? it'^ ^v^. 

[0133] wmfo\,z&m<nmm*mtth t , 
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[0134] m&<7)mi$m^<mmim.'t>c7>m>m 
mitzmzmmizttmzitxmimm-tz. 

[013 5] L*»i*K«»fcfl#Lfc«iSUL 

wwmjm<r>mL*<r> i> <r> mm lx tm 
sax it o. ep*>. mi&mmin+zmiRv&m 
mm-ti^xsM&nmiffb z> t , wsLmamymmft 

ZitXIZ?. 

[0 136] tfokv+V-t^^^SSL-Cift 

nmmmtx it om$tft>&. 

[oi37] *%mitm®m<$i&t:?To<<<m%. 

±ifxm&£ vyh (zmm-im&m i *>um*?. & 

tahnmkixmRnmm^vfifeiimwz 
Tgic-r h mmm 2 <r>-m * &v %ai t tz . 

[0 138] JTF. §gJW»3<0£?l1C>'y3yf!|ffi£ 

[0139101 3tC. ^?L«>-y3>±cOXt^df-> 
*/M£j*t X'<mM7a-txmj?m?1imz'o^x y o 
-Ho-W^^r. 0«k SPMl±H 2 SO, /H 2 o 
2 DIWJSM*. DHFt*tBHF?8L APMjj: 

NH, OH/Hj 0 2 /HtOS^jft. S/D»i*K> 

[oi4o] wmtomwtM ■ * y 3 >«ro«» 

[0141] 7Q-Hfr«H6]WrJ:dfc:. f^Mt^J 
• v y 3 y*R««»fcttffl Sfi* i d & s p m^a p 

M&WiHPM (HC 1/H 2 0 2 /H 2 Ojg-£?$) & 

<7)mnimmx'^. DHF j fcn*ciR6*ro*4. 

[0142] Hfcj*^fc J: 3 NHHb££J:6£?L* 

v y 3 ><mmmizi3^x$mMiz&c>)m>tHim 

1 0 1 4 3 ] ^TLW^U nySScoaffltc*^ 
*f4fc*>fc. ^TUfcWttffiKlMdt (g«»ftll* 

«ww>h 1 6 <oiajasibis ) sit mhti 
h. z<7)i%a. zimvunmn&ttmmixte 



xmx-vyx-th. 

[0144] mm. ^7L»v-'J3V±Cl ooorg 
SofigT'X t i^K£«$r&C V D ffi-CTBfrf I 

zcomzzjimis y 3 y<o?iAa£ 400 
[0145] fc fiiifla:ss:g& taffitsR 

[0146] z.tie>e>m»(i. tt?*->*/uS.Mmi 
y a yj«Btf)!?tt&£:?&H f&k <t 5x „ * 

y y h*y Ztixm&iiZkZl bixtfhxbl. 

[0147] U>U gSklztem FjSCi Sl7fV 

[0 148] tz?>x\ MlSiiZ^tioiz. Klifl^ 
H f fc j: SKflaSfi^t |si«{c(iS«m«i^7L 

[oi49] «fcj**>fc jt 3 wkiz£. z&mffim 
wzsmttmL-th t mxftmmommiz&mbHm 

msizmm Lxmmtmmt % h . mi it,zmm> 
11%^ y 3 >$mi&m\$±if j m*<osiwmzfi 
h-fizvvk^x'iKm&im Ltz^<owmmn%<m 

1 2Wz5mm±.-nmm. -mmnwnmm- 

[0150] Z<r>%. K»LTV^«*ttt»f4* 

m^pmrnxm^ucmiiimbx^mm 
mizbimttihvTh*). mi 3Kfcvvc. jsm 
iK&fcimixifmffifcft (xns } , s 2 , s 

3 ) ZftiX^&rttZn&X'hh. 

[0151] l^l=5t* ? ^>. mftnmmz&^x. mn 

immm&nfflimhia&mtoxmmmb 

[ 0 1 5 2 1 ttz, n**<r>m#zc?>m5.iiwmw. 
\£ux'<nti?jmznmh zt\tx-%xi>. v&mm 
m&mzK7ictz <* 0 zmsizamrrkts^x i>± 
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[ 0 1 5 3 ] *«PaB«fcffi35*«fefctt 
^£jfBt#HF?&£J:Dx-y^y^|$£U:. £7L 

*tiut. &mm&^ y ^ & £ t #x 
[oi54] xBrnrnjiMmacoimumtt. mmiz 

5££fT.&V\ mtii. Si. GaAs?(^|ftHfi. 

3 c, si £?Llt»^m<^Sffit«£i3; 
tSSfflv^TIMWS i . ^Si^^JGaAs? 

Eisvztytiwmt txwtH F&ormtmi-timz 
m*. l &%mt%'>x^&. z. crmffiizwumzM&tz 

[0 156] Wh. @14(c^-TJ:olc. at?*iasj 2 

[0157] Sot. ae«= .* ojMSft&JHfcsissft 
wwximmfrwtzmx'Z & . 

[0158] Z<?Mlz. Wkftmfc^M*n®%.fcftT 

nm'nomm<. m.tt:m<7)%&tmmz% 



g£ t s tares* *»$wBawiw*r* s . 

[ 0 1 5 9 ] ^ U 3 ^KfliRHiStt«*ttr* & £ fc »i 
[Oi6O]Kt0i3$rfflv^lftHBU^J;ot, -TO 

<r>xx?*i/^)v&&m<tymt ix$mtii><ox'b 
*). *m<om<otzMzmwzmA-tii><r)X'tt% 

[oi6i] «Kfl:)ai,^ia-c<o^tt mmzmfc 
mm&t¥?fflzmm®?#® v&ttz t x-mts 
tt. mtzmm&%r£itwsLtc?)mizmf8.z 

[0 162] (ML. x-y^-y^ffWeflJII^iB^jtrtT' 
&o fc x y rmizmsZfth&tt z k lz% 0 x ^> 

yrmmitzmiimm-th , 

[ 0 1 6 3 ] £*>£ frt> . IHfcI*If£?>ifc»ttx -y * 
[0 164]$£oT. mi4X'li&JLni' , J3yZ8Ht 

rnzz m*mzttzmzii^x'i%mmmLxm<7> 
mimtfnzM*)m^xm^mmmimta t , 

R^MSI^ffoTxe^dE-v^^^S-fi^ J: dtc-t 

£ t x\ ^mwru^xx-mmx^ m 

Jini'Va>mm&&X-%&J: olzlX^Z. 
[0165] , FX >y f-y ^XgT-^MW<?) 

[0 166] £Oj;otc013i:014(7)^jS^O^ 

lSSW«*tt«IHt:*S*fc J: hl&Mffimim&lX 
V^i<0$r, K'ftrSi:#HFX-yf->7'Xgc0H(^ 

[0167] COckdC, ifc#?):M 5V^5r^SL3t 

3 v^iio^Sr^-r s £ ^t-^ h . 

[ 0 1 6 8 ] &*s, ffl*tt5!Ui{i#fti!fttJ: &-f . 
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[0169] mmimknmi&mizmmto 
w>mmizX'>xiimizmi£mmwz*). moan 

[0 17 0] 01 4fc*UfcWft70-"«4, 85*14*1 
[0171] iOJ: 5*l»^fc*tri!»IStt, H 

TZi. mi 50>xns n i£*m*7m2ff)mmmz 

[0172] *»<0j; 3 C*y>*ftll U:K*Ji»v* 

itmzxzbzztfjzX'bz. ir/>m*.m.^wnm 
mm&mm<n®M&smb Lxmtzzbtf? 

& s mmk<n§,Tinisv?v&m*mL'Lx®.*. i & 
mazmm-t tixzoM&ztifcm*. 
mmtz-Mmmumftta. ®*&mmttimm 

[0173] *y>m.n¥M<.bmmiz%iin 
[oi74j xYym&tfi o~ 1 3%m&<o^ryyii 

I. 

[0175] *v>Wf\z± h%m.mmmm.<r>^ 
iLm'svsymmzmk&imt&tf. mzm&m 

[ 0 1 7 6 ] Stc. Ss&Mfcic J: 5£7l«->y 3 
2%fclTSJ£<0i&&toKsg*?& (H 2 0 2 /H, O) £ 

flw L-cwatHtiM-* ; t i>nimx'h & . 
[0177] aes*«M!**ftfrc*6#. ztimm 

[0 178] Srfc. Hl6C*1-J:dlc. 01 50i£@ 

7n-(cfcv^-c. f/yzftMLtimizm^x&m®. 
mi ft ^mzismmtin-yx *> «k v>. n«b£ti 

J:*>vy3yoi8-f£$£iiS<» fci.T^/yfcfoMcJ: 
41WUR*Bd?r4*»tttt«r<. ffiiMHHttWHHI: 



MM^IJi^fc&^fc*^ 0l6<o.k3fcSt 
fclgfcfflJW* ' b PX'Z I . 

[0179] APMmmzimfcomsinmm&m*. 
mz%&z btfmtixu&tf. mzmmtrzx 3ca 

[0 180] 

1WW*. HSfcflll , 2tt. HSS»^1<0WT*S. 

(gftm ) mizmitc&iiti'Vzymiit. r 
c A^?f Lfc p* mcoim 5 4 v+nis y 3 vwm* 

m\z%wm&XHX^ 1 0jumff<0£7lft^ll 
JMLfctOT', *6*yyx. xtry-*-- 

[ 0 1 8 1 J 0 1 HZnrf X olztfyk 1 
-• 7o-Lfc5H«2C±ie^?L^y3ys«3£ 
totK v f-JfK&HMrVJ74C*vbU 5^«25- 

aL-c»^«os^«« 5 <rmff 6 tpbmwm 1 m h 
[0182] ^yrstcuu mzmfi-bLXRc 

[0183] #Btf>B4S&**fWW-Sfc*>fc. 

#^ 2 oiHawioiEtfcafcjawie* l^. 
[oi84] s%oaa^{i5-< yT-mmrwu— m 
mmitfrh&bti. o. 3^mw±^^$c7)M% 

[ o 1 8 5 ] II l 8fci<o-ao«6» J; 

[0 186] 018 IZifit* oltZRC Affi?& 

a) vmimmnmvTM&bfc^xmkftim m 

«Lfc09tP-r-^) . ^rfc. 018^^774' 

<0L1, L2, L3<Oft«4W)|36»^<OP— fR«!ME 
0***«fl:*&$O«-at*L» LI, L2, L3C0J® 
#fc^#<^rS (LI <L 2<L 3 ) . 
[0 187] ^-vyr3SgWi;^S-a«S:EafC^5 

xnm<. mm^nrtv^nimizmFth. 

[0188] fi^cO^TK'J >^<7)^T'»fc-5TV^?L 
«^y 3>{±, cicoi: p (c^t^$a7t«fficot<0 

[0189] zi\.^^<nm.^x'<mmwm^mi 
mz£*)2o j m3m-$-hb (04». o . amnmi 
ai 3%fre>5i%m$-zii. mizmmizsMHz** 
VT4Zbmm?\$±ifxttmimzmbK. 20 
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B) £ft*T6 39ft»684XIk£3il*:. 4fc, 
[0 1 9 0] Hi. JRi»olJ(**ffij=3ri>«^i, *KL 

^xim^mmb-m-h) t=»->-c, *r&« 
Birrs ± a \,z%^mmm%hixh. 

[0191] mm 1 fc&i vtftfffltt&£M*TKffl 

m&wmiiimMi'Vzymi.m*. d> $-4 
oox;. iimiNweim*7rauMtL(H>K 

E)^«5SS^ffo/Sti^, 018fcjj?t4Dl;:$tt: 
[0192] £*U4, I^rtRt£Eeti*+fcft*L 

immcr>mmmzn%.i*: n& i> cot* & . 

[0193] dftfrJiKl^tt^aT'* + 'J TK-te -v h 

l-c^«?7 ytiuzmnzik. mm 1 e>ft#ga ( 0 1 
mz* + y r 4 r k *tR£3i * ±»f L 

&tf£>2 0#iafroft (WS>. F) k-T^. H18C^ 

-t j; 0 izwummzit^x 5 4 8 0 

[0194] CillliMJBI]|lSTiHI^1H*fe U 
fcXemi? vm&XfWV) yzco&X'ii. v^fc 

^U7 h • tyzntcmtfmftm^i&mmizx 

left hh.K£$: b^thZb tfX't h . 
1 0 1 9 5 ] 4fc. f»saktf|l fcP»K£$»ftO#?L 

[0196] ±ieiiit09 1 mm.m2 iz&uxnmi 
?cm*x'mmmkmzmmm%mmM%iz 
^xmwtz. 

[0197] syatct *f»ttjw^j*wc»*T\ *> 

miztt^t iiu&iagmtto ^-rtuzb hnfrzw ht* 
kz-thtzMz^ tnmmitzjimmtf&fcztix^* 



[01 9 8] 01 912. ^^mm^RCAmt 
xmmmmt&'Nzt. m.y *w=wtfc». 
mx-5#m>zL. xv>i— w*ixmm& 
Wfcit&mmmx'tih. **»7wmsfigm 
m.tiK ®0fmxamztz&KT&^zkimt>PX' 

mmxKffymmniz£&b?>b%it>tL&. 0+ 

<7>XD-ybftg$:5H-§^{4. «3Ms»*I*iWrc# 
U ^• J r'J7SIS!*>f>5mmtvf-T-l*!t)^2 5#^ 

[ 0 1 9 9 ] 02 014. Jb£54HakOK*y V^ISt 
fc^T^aai MHz . 1^3 1 5 OW^^^^SrH 

(Li) ifw.mhmR.tfhh. 
[0200] zff)matt:mmt. ^vvrnx-nxa 
v h&&%£Tfmmx*<mmm^fmiJttfa& 

[ 0 2 0 1 j -ro-r t frh. mzm.<pximffim-t 
*t, mizRixmMzmmxitmhzbmp 
h. 

1 0 2 0 2 ] 02 1 y rasosgtomwsffl 

^-vyrrt^x^ijEKLT-fe-yhL-C. S4>C5«- 

[0203] m*mtzi t*4*«. 5,^^* 

t*9H2 0ttt«L-C^-vy7rt<0#fi«TRCA«t 
»ftOtt*y>^MA (HI 9) fcjftJ^L, SSrtT'cO 

[0204] OttfO^m*^, ^^S^SWMHk 

lt. vfofrh<mmimmtz£z>9<M<?>m.ts£v 

[0205] k ±EWCli54M»t««* 

mzmitt\%±\mmmm-zbx\ m^x-cn 
[0206]^^ y rsstctJiti-Kisfflg^ftfciBia 

[0207] y y 7Jg<0A>^»«5:iEI6& 

ffv*0. 2AimJaJbcoMllf:i:i^. 

[ 0 2 0 8 ] 02 2iiiEmimx'v>im&. 02 3 {44 
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[0209] iBfclWCtt, #S?7 yMfcXfttatefc 

raw:** u 7mm.<r>mmm^ tx v sis 

[02 10] mZbtPh. m&SM30B21'C0> 

a*. 

[0211] CIO J dfc, M*-/^^«fcfcV^T«l» 

i o 2 1 2 1 ±gmmiiJ<vtt<7iimmmR 

[0213] miz. mmstRvmmmgji. mm 

mx-h^x. xmumwmtii (6ookHzK2 
mhz) tzffxrms&ti* tt<o*mjffi*(cwgsrBrc 

[ 0 2 1 4 ] BP*>. *^OHM0llT{±*$*CSjg^Sr 

mi&mx'hhz tfrt>. ^m^mco^nn^ u 3 

[ 0 2 1 5 ] JJK»«fc*JV^»i*?L««S* 

ut±.mw£ti^xwQx-t>o. mm^nwmmx 
(HUM 3)mm3, 4nmmm<omt>i>. % 
femmwmiW. 1 2 1 mmmms 1 3 cora^t 

[0216] Z.MZ*. 0 , nttg&HSM. l 3 £M«# 

ft*. 

[0 2 17]R*U:«**ttJBLT. ■ 

mtttzzws y 3 y * y rtc-fe v 

bu 2o^ssafr^«^auT^«ie^«ii 

fftcEPtoLT, i8#«ft# ( JSi!m9 5 0 k H z ) £H 



fli£»»Wfc* Latere* 9. ZCDXolzZH'Ki'V 

ss^-a c t xziin u y 3 >ssc#*L^sft^ 

[0218] H^Lfctt*-eii«^»i8*»WJnfc:J:4 
[02193 H25fcliRfcLTV*frvvK*SrttJBL5 

m<rmm 1 £ ±HflM*ir^T 2 0 

t&&*fi?tumLxtfrt. 

[0220] *|g^i0 2 O^^a^tCi £ 9 

oxtstu m&Lx\,^ (tijimmm) &*iz 

J:S©^a#T04 0<m<tim ( 6 0-8 0%) t 

it^xh&nx^h. 

[0221] CTxtf. latest uci oz&m&mz. 
<mmizm®m&M%mm&iKim<ni' j r , 7-t:v: 

Ztmxxv>i~-&ftt&%iti / zi>. S2 5(c^1-i 

u m.izxhmmmmmmm^mmth z t 

X'<om?7 o-(±H 1 3 Km Ltzimy a- km tT'ft 
!». fcfc'L, i;-CJii^igS 2 , S 3 liffoTv^r 

[0222] mm&m&iMfo&mk&L'ix^&tz 
mz, mnzxi>mmmm^tmsm:mm^± 

[0223] ftjf (i«feitfflx7n y • -v 'J TffiO^S 
-fflEitSck 2 4«co#?Ut^y ayfflRfcHSUT* 
St. «^{i«{ta^OitT9 5 0kHzcD^«T 
«^«H5^ 1 5 0W. S?S. c£*^-a*- • 7dh« 
ftT20^-S?f-7fc. 

[ 0 2 2 4 ] ttz. ttiMtm#ZW&* 5 P p btlT 
(cBmL-rffifflL^ (XSS, ) . i«8»fcj:l7, I® 

mwxuxmiKm<r)9 oxn&min-zz t 

tfX'Ztz. 

[0225]^ hfi.mm.ly y 3 V^lB«a*14T'J) 

mms.'*tzutmimimtiLzti&. «->t» 
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[0226] mmim<?>$m\t®fc&$mt%zi>K 
momzmkL. m%Bummt®\txixmm<7> 

izmvm Lx&ft-ti z t ifix-zh. 
[0228] m^\t. &L%ix^%^mtzm 
u mmti.mimz<r>£&x9 5 0kuz<r)m%mx'm 
mmtn^i sow. jga, csum— a- • 7u-»fc» 

[0229] ^a** o . mtmxtfm uzm 

[0230] m ix^tztemttzozunisv^y 

^frmimx'wmmmimv h fx-zil 
®isV3ymcr>mm<?>*mim£Lxtt9*i' 

[0231] Xtr^^fv-r/^^{i^?L»vy 

^vnmftZimtixffi&iSLtf'fTbixhtzfr. dhf 

[0232] ±ffi^^Kt J; &»^*gtj¥C(Sffl-ri,|$ 
(«aiWfctt)*KKSlLfc«**fflOTt»J:<. (K 

So 

[ 0 2 3 3 ] 0 1 5 fc43at«tf)ife»7 a-*jj?t. ± 

#>\ *nsn«fcfcv>T«*vy* 1 o~i sxwmm 
Lizitwm.zm Lxm^mtfcmm*^ 

[0234] *yyfWi*»<0*^m^#Mfc f>2 

*7 >f /i>*-*tt****tera*y v^iaa*** 

[0235] PMM3fiSK)*y>1«*K J: D#7l3Jvy 

[0236] *v>mi<vm\tmtz&gmt:mBi% 



[0237] j&mmx'it. wuz&mmtiLZiix® 
<j«tw7 ) mtz*wm*<m<?mmtz^xmi 

[0238]&&7o-{i^mi|5]ircJ>S#. 0 

tzi>0)£. mx-mi ttz 2 %wMm^(omt 

<bmm® (H, O, /H, O) £flifflLT81*ttC 
[0239] ^*ftlil8^6*^yy^K^ffifflL 

[ 0 2 4 0 j flu -mxtm&imi-zm&itim 
wizm&zftibxmft-f&tf. *momwiX'\m 
*isixtz^m\tzmm£m#itmftizffl?t.h . 
[0241] zcotztbiz. *mmizt5^ximmz& 
mitcmuffi**- j<- ■ yn-ZikxmiZiitzm 
mwixmffluzvtfci, m*2titzmsmm. 
mxmtm 0 . 1 <im^^-f -f 9>v* n&tz 7 
<>u?-inixng.immzvim. muwi&ft 

-&LX5mth<r>\,zmLX^i>W. SJ6<oS«co^p 

m*n<z.bi,z%h. 

[ 0 2 4 2 ] L*> & . IIS4a£&>ft*£»0£3 £# 
[0243] £0»«riaiHtWftt4*ifek LT»i, * 

mmi'*7-txvy-t-izi&mi8.®£zm-& 
bitztmif&immmiz^ *%wm*iz£&nsm& 

[0244] xmiimmmA&m-t&mxb 

[0 24 5] LM>. «cH^(0^^7-^(i«ffl^ 

irhwmjm.nmMi' 0 ? ymommzm tx v > 

[0246] »*fi*iBtW*tti«Ctt, ^ffifiOSr 

xmmz i%tft>i$mmmr& z t xmmmm 
mtzmi+&zbtfT$i>. 
[0247] mnzt < , ffimtt.Lfz®*&mmz 
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[0248] vikmwttM-cikmtit:. 
mn-t-&m*mi±. Mos-FETf^ff 
x &im-f&t:tbizimizm^t>ti& . 029 

( a ) -02 9 ( f ) tt, Z(0£ 9 fc***?/^ X* 
[0249102 9 (a) £^-f,):?K, jfefcWflU: 

^■ca^^^U3>a«4o«. ^amtsii-r 
(cs-5^^?L«^»;3vm^^^4 2 WW ■ x 

yayflig) #fL®vU3ymfeft«4 l 
6. ifc-f. ^OxUnyS«4 02rK*#ll^+-C, 4 
0 0t:c0iaST*mSSl«*-r.Swi:{C<t-7T. 
y3V3MSfkJl4 lOfL^rtSR^TLW^Unymfe 

fcxe**i^/Wf£)B^&rn*;*:5rir£;Bft.& 1 
«flLt#H= * or . fLwrt^-Cx 'J 3 y)lW?4 

[ 0 2 5 0 ] Mz. £7Lff i" y 3 yJUfiMM 1 (O^ffi 

aysusjyi 4 1 o^ffico^tis^i^t^. 

02 9 (b) ^-ridic, #TL«->';3ymtea«4 
1 ±£ , 0 . 3 u mmZftMis 'J 3 y*t£A« 
(Xtr**5"-wWi) 4 3 5rCVDSCJ:^TXtr^Je- 

cvds. «ffcvDs, *cvds. wm.mm. 
vxn v?-mfrmmti&Wizmih zbttx-z 

0 nm~2jumc7)Jf SWgjfcSft*. 
[0251] 029(c) fclijrf J: die. 

x U 3 y 4 3 <^B£tt#n£Kft L . 

Wm4 4bLX. 2 0 0nmOJf$<9lHfc§l5r^J£L 
fc. C^)^^4 4^W?i,, ±»0»«lCl»fe-f, ffi 
ftSWC{i5 0nm~2^m 

[02 52]#K. 029 (d) tZ^tXoiZ. ZV& 

»i44±ic. m^ , )aym.45imh^h^. z 

ttl><7)$kWZ®f£Zttz&. 1 180rcojg«T5^ 

«js»a*ffvv muh^zfi^tz. zma. si 

(0««T-*)l»vy3ySS4 0i:. S2co»RT*l»j/ 
y3y»£4 5fc**» *g&Jl4 4£rtLT«i»)£;b£ 

*i. 0 2 9 ( d ) *> £ o iz . y 3 y^na 

[0253] 029 (e ) ,J: ±K<0 

#«flut*5o*>t>, ^fL«->U3ymia^«4 2 

*»SU I^S'y3yJiil3fl«41*IRtt3-£fc. 

miv^^)zsym§smiA2<m^\i. #?i 



2£K?4x»/*y^fciotm4U:. 

«fc «t S^rS^fl!!^ t . #7L»^ »J 3 y#te^«4 l £ 

«wt i/c, #^?L»^y3y#ig B B B ^«4 2*mn 

«4 2 , ^#7L«^y 3yW14 3&irfcJt^T« 

HeW&ga^v ^ y 3 >-s«4 5 fc mjis^ y 

a. b&wsmmwmmmzmizzbizj: 
->x. miL'Si'V3ymi' a ®43izy*-is$:5-i 
&zb%<. m%Mi» y 3 ym&mm 2 mm 
zzb iM&x'hh . *<m. i&nni' y 3 ymtok 

M4 uz<zv#.<?>mm\-thm*?. 

y ny#^ B |)i4 1 lzV*-9- • Vx. -y h #(t 

4usik«4 lco-ggtc. xy3y<o*atitr*?Lo*i5 

ac0SiJ^$r^-r^7LS (porosity) #<S<0Sff# 

i5 ) b IX , ##7L® ^ 'J 3 y#fe B |M«4 2 $r^St L 
Ttfio. i«J:3fc. *#?L«^y3VJ|MSa«l«4 
2Sr^Srrs*ftSrfflV^^&l;{i. gttfllC&flJtS' 

y3ym^ B a B)i4 l^sas^^cifc^t'^. 
**ifc**?wt^ y 3 ymiSB B H ^$4 2 *^ . ^sicoii 

m-?tz21l'Mis>)aymi' B m4 l*Ht*t, 

izx-,x. #&inisV3ym&gym4 2m2 9 

( a ) <T>i. otcis*) 3 y^4 0 i; LTff^M-fS i 
[0254] mz. 029 (f ) t^T idC, X-yf- 

y^J:->T^?L«vy3y^ B B B B4l£i^*L, ~> 
y3yS«4 5±(C, ^SS4 4$:^U-CW$C0?|V^ 
y 3 y#*S B |14 3 . JWK s o I ( x 

fz. &[Mi'Vnyfmm4 lcox-y^y^(c«, ft 

mmtfo*m*z^t}mm^i-y?mb ixm 

k ^ft^x »/ 1-y?m$m^*z . Z <o£ d ^rx y f->/ 
iSKiSx-y^-y^aLgll. tkmzi.iXteZW^) 
3 yo*^^?L«^ y 3 y J; y t i o* «filtav\ 
*<7)tzit>. J?$**^— 1\ Tfi ; 2r^7L^y3y*fe 
JW4 3tHLT. #?Ulj/y3>'*»MI4 lfcW? 
Wt. 0J«lttJl<KHlc-fS£i: 
[0255] g^t:. 02 9 (f ) fc^S0Ig«5 
1 5rs ^HH^+T, 1 1 0 OWmX 1 ^F^a 
m l . #$?L® i/ y 3 ym^BUg 4 3 co«® SrM^ffl 
^L^. C<^S«®Of^ ^?L®^y3ym^ai4 
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it. 

[0256] JiIScOJ: o iZB&Zttfz S O I Wt.5 1 <0 

**?L«^y3>'*»Mi4 3t:i4. &<mti*:tm 

flO-n-feX£fflVvt, MOS-FET. DRAM, ±$ 
[0257] iffi^T'li, S520&&J: IXirV 3V 

£fctt. 02 9 (c) OMIM4 4U&-rLi£B* 
[02 58] 

imicvm} ammttz xoi-^ma. 

ZZttfX'ZZ. 

[ 0 2 5 9 ] U>t . *6*tf»«i!tjM»**«W6i 
[ 0 2 6 0 ] *fc . fiS*60»S[t««WI. !&u{i-?-<0$ 

[OT^fsm^iK^i 

[Ei ] nmmmm. t m®*^ xtnm 
&xv*mmmffi.mi*-??*77X'hh. 

[02 ] ^fLU^U 3V^SOHW^*-n«B50C* 
[03 ] S»<0* ( a ) fc 5^rktc5l#±tffe { b ) 

%&<r>m \mv xK±.<7)mcDttmvtm*i-mx-b 
h. 

[04 ] wp$x^mmm<rmmwm.k%$$, 
m&^vjyx'hh. 

tfxwt&imyyyx'bh. 

[06 ] «rt^¥KSiHS^Sr^-r/57T'*l.. 

[07 1 mmmmmm^t^^yx-hh. 
[08] ^^y^-x^rojt^^#K«aug^$r^ 
yyyx-hL 



[09] *tfv--v7 wmommmmifttttkt 
[0io] ^**y->y^am^it-s»tt*+<o??ffxfx 

[011] »*eSK^«^«5fc^W. M*£J:&* 

[0i 2] mm^.x-m&mMm&m^ff), mm 
mfrmmmzm-y-mmx-bh. 

[013] tg*fc:J:S^?L®vU3VS«wi!fe#(7)S&i 

c?>-mz5k$^iX'ib&. 

[014] ftflSt^'J 3V««<oa?twSEn<r)-^i|Jr^ 

[0 1 5 J U a VfflScoifcftco&ixO-fllS:* 

•f0ffiT'S>&. 

[016] ^flSti- y 3 >m<nm<r>mi<o-mt:m 
1-0HT&4. 

[017] *^w«sitos«*ijfe}^g<o-M^^r 

BfS0-C*>&. 

[018] *^^mmm.mz$mLit. as 

[019] *%Bfl^jgj*a#tfe(tl.mjS^I^*a« 

[02 0] *»W)i«S«i*»fc:i5Jtl»«?a«Kf^6» 

[021] xwmmmm^mzmhm&nmzm 
mm&??7X'hz>. 

[022] u rm^mxmmmmth 
yy7x-hh. 

[023] y Tt*ix-<om<r>mmmm-& 

ifyyx-hh. 

[02 4 1 imm&mmmmm.tmx,t&i 

*wm%mcom&<n-mn;-tmmx-$>i> . 

[02 5 ] *miconmm%m&$:m.mm*i; 

m.i^mumtimitzyyyx'hb. 

[02 6] **B3^jg«i@#a^?->' J !' V- • 9 A 
[02 7 ] $>K%lsVavmLbmftWm®.k<m& 

zmmzirsitzmT&i. 

[02 8 j mkcommmfkcom-v >w*x'®tl 

tzm& y'jn ymmwmmi^ < * 

[02 9 ] ^{frrA-f*£tfs*-ffc:rn-fe;*«>--WS: 
^•fBSBiffi0-CJ>S. 

i 

2 

3 ^TLSv-Uay^ 

4 a^ffidf+yr 
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5 sjattireftf 

6 W$Dr? 

1 1 mummw. 

12 wmm& 

13 ^mm^m&mw. 

3 1 mmmmm < as**-'-*- • 70- > 

[01] 



3 2 »W 

3 3 ^^5rB^tXV^o«* 

34 saa 
3 5 an 

36 m-mmttthmM^^vm. 
3 8 is^jsafTft 



[02] 



10>im 



X 



10 nm 



1 <***» 1 




ps torn 



/t-r< ****** 

0.1jim~0.04|im 



10M 




[03] 



[04] 



(a) 



(b) 




4 50a 



2 

to 

8 

aw 1 
3 



990KHz/l50£^" 



47KHz/«OW 



0\ 

1PJ» 




coppfc 



(3ppnw5ppm) 



02,COa 



(Na ME at DO) 



47KWI 



n(OOMD) 



lOOppm 



DO fit 
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im5i me] 

(a) 




[07] 



(a) 



WftSSSSHMKMr <S* 1 2. 5 cm) 
25r 




(b) 



mm&*msi%*i <«* 25 cm) 

2.5r 




(b) 



nnmmmmst mm 2. 5 cm) 




0 14O 230 



IMS] 



(a) 



*tfy-*£B*recD*^*S*£# (82 2 5 cm) 
400r 




[Hi 2] 



(b) 
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[09] 



[0111 



(a) 



* * * Mm0>m*X&X5tt (8*2 5cm) 




(b) 




115 

«0 HfHf<mm) 




[010] 



200 
T50 
§ 100 
50 
0 
-50 





• 




























<: .'. '• 








H 


'■ .sis* 




' ■ u' 





II 



ft 
ft 



05— 05 urn 



it 
ft 



* 
ft 



ft 



II 7] 




12 

■V- 



[024] 
11 



13 



rv 



CH2 6] 



7- 

12 
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s 




to 
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Si 
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2D 


fat 
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CO 
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CO 
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Cu 
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[014] 




* 



a 

* 

S 



IB 











a 


X. 








\ 


0 




Q 




CO 





\ 



(24) 
[015] 



mmW-l 0-64870 




(25) 



#8FF1 0-64870 



[016] 



H 
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[018} 



KXX> - 



>0.3>im 



A— 0 



99.6% 



A— D 

gag* 




A— D A— O 
62*% 71.0% 

E— F ^ E-^F 



A BCDEF 



A B C D E F 



A B C 0 E F 



A B C 0 E F 
OA**?* 



[019] 



[025] 




10 15 



60^60% 



90% 



30-40% 



0% 



(SiHHLttfHPUE) 



2 0# 



[132 0] 



[027] 



490 




a/wi f t r 



10 15 



<tooXf 

<100*t 
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[023] 




X0 7 H&B 
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[028] 



tOOOi 




